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ABSTRACT 
This study is an attempt to revisit the causal relationship between coal consumption and 
economic growth in case of Pakistan. The present study covers the period of 1974-2010. The 
direction of causality between the variable is investigated by applying the VECM Granger 
causality approach. Our findings have exposed that there exists bidirectional Granger causality 
between economic growth and coal consumption. The Cumulative Sum (CUSUM) and 
Cumulative Sum of Square (CUSUMSQ) diagrams have not found any structural instability over 
the period of 1974-2010.  
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1. INTRODUCTION 
Energy sector is in hot debates now a days; wherever we go, we hear about the significance and 
importance of energy. The growth literature reveals that economic growth may be improved by 
the efficient and optimal use of energy resources. It improves the efficiency of the inputs; 
therefore, the returns to both investors and factors of production increase which improve their 
living standards. The energy infrastructure has not been focused by the authorities in Pakistan; 
therefore, it is into its dismal form now days. Moreover, it is not managed appropriately for the 
both current and future needs. This has inculcated severe circumstances for the whole nation. 
The entire nation is suffering from the energy shortfall from the past many years and this is due 
to the negligence of government authorities. During the previous decade; economic growth was 
quite acceptable and it had increased the demand for energy products especially demand for 
electricity consumption. Unfortunately, we have not seen any deliberate attempt of the 
authorities to install new capacity in order to generate energy to meet both present and future 
demands. Consequently, the gulf between demand for energy and supply of energy is increasing. 
This has evolved a very serious energy crisis in Pakistan. This crisis is spreading like a cancer 
and cutting the roots of the industry in Pakistan. 
 
On ground, more than 50% units (both small and large) shut their business during summer 
season because of energy shortfall. Looking at the last 25 years; we have observed that the new 
capacity of generation of energy has increased around 40 times but yet it is less than that of 
increase in demand for energy. Over the period of time, economic activities have improved 
which have ultimately enhanced per capita energy consumption. There are various factors which 
have given an upward trend to the demand for energy. Increase in per capita income; agriculture 
and service sectors growth, industrialization, urbanization, and rural electrification are among 
some of the prime factors which have contributed to demand for energy in Pakistan. The existing 
literature demonstrates many instruments or proxies for energy; and electricity consumption is 
more frequently used proxy for energy. In this paper, we have tried to explore an alternative 
proxy for energy. The prime focus of this paper is to reveal the attention of the authorities 
towards some of the alternative sources of energy production than that of oil. As the cost of 
energy production through oil is much higher compared to the cost of energy production via coal. 
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In the olden ages, coal was used as principal source of energy for hundreds of years. Even till 
1960s, among the fundamental sources of energy, coal was the single largest energy source. Coal 
consumption contributed to industrial revolution and use of electricity was increased because of 
coal consumption. With the passage of time, oil and gas were discovered at large scale. These 
discoveries of oil and gas had opened up the doors for energy production via oil and gas sources. 
Therefore, switchover from coal to oil and gas for energy production started taking place at huge 
scale. At present, cost of energy production with oil is far higher as compared to the cost of 
energy production with coal. Therefore, at present, this switchover from oil to coal will decrease 
the cost of production and fiscal deficit in Pakistan. Moreover, many developed and developing 
countries have already reverted back to coal. 
 
Coal is the most abundant, economical and affordable resource of energy supplies across the 
world. The world coal resources are larger than that of the world resources of oil and gas. The 
world coal resources will end up in about 147 years; whereas the world resources of gas and oil 
will end up in about 63 years and 41 years respectively. This reveals that the demand for coal 
resource will increase in the coming days (Wolde-Rufael, 2010). The world coal consumption 
was 127.5 quadrillion Btu in the year 2006 which will increase to 190.2 quadrillion Btu in the 
year 2030. It is also observed that out of the total production of coal: 4 percent is consumed by 
the households and commercial sectors; industrial users consume 34 percent coal, and remaining 
62 percent is consumed by the electricity producing units respectively. Moreover; the world 
consumption of coal will increase to 28 percent in year 2030 (Energy Information 
Administration, 2009). Pakistan is among medium human developed countries (Human 
Development Report, 2013). Pakistan has blessed with rich coal resources at Tharparker; 
mountains of precious metals at Balochistan, Gawader Port. Dr. Samar Mubarak (December 27th, 
2010) disclosed that the coal reserves at Tharparker have been 175-185 trillion tones. It can 
produce 50,000MW of electricity for decades and 100 million barrels of oil for 500 years1. 
Therefore, by using all such resources, the cost of production may come down, and it will 
ultimately contribute to more economic growth. Therefore; in the light above discussion, we 
                                                             
1 Also, Reko Diq, is a small town in Chaghi; Balochistan, Pakistan. It has 5th largest gold mine. 
This town is famous for its vast gold and copper reserves. 
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have come to the point that coal consumption is the most significant and economical energy 
source for Pakistan, and we have found little literature on the relationship between coal 
consumption and economic growth in case of Pakistan. So; this article is an attempt to 
investigate the relationship between coal consumption and economic growth in Pakistan. 
Moreover; the earlier studies in addition to coal consumption considered labor force and capital 
formation as additional determinants of domestic production. This study is unique in terms of its 
model specification by incorporating unemployment, urbanization, service sector value added, 
and fiscal deficit along with coal consumption as the factors of domestic production in Pakistan.  
 
2. LITERATURE REVIEW 
There are few studies available in existing investigating the relationship between coal 
consumption and economic growth. For example, Chandran and Tang, (2013) apply CO2 
emissions function by incorporating coal consumption to investigate the relationship between 
CO2 emissions, economic growth and coal consumption in India. They find cointegration 
between the variables. Their causality analysis reveals that coal consumption is Granger cause of 
economic growth. Bloch et al. (2012) investigate the causal relationship between economic 
growth and coal consumption by applying vector error correction models and innovative 
accounting technique for a case of China using demand and supply side functions over the period 
of 1965 – 2008 and 1997 – 2008 respectively. Their empirical findings expose that coal 
consumption causes aggregate output. The demand side analysis reveals the bidirectional 
causality between aggregate output and coal consumption. Nasiru (2012) examines the 
relationship between coal consumption and economic growth for Nigeria over the period 1980-
2010 by using a two-step residual-based approach to cointegration and Granger causality test. 
The empirical findings confirm the presence of cointegration between coal consumption and 
economic growth. The causality analysis reports that coal consumption is Granger cause of 
economic growth. Li and Leung (2012) probe the causality between real GDP and coal 
consumption for 31 provinces of China over the period of 1985–2008. They have applied panel 
unit root test and panel cointegration approach for stationary properties and long run relationship 
between the variables. Their empirical findings have disclosed that there exists long run 
relationship between economic growth and coal consumption and feedback effect is also found 
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between both variables in the central and coastal regions but real GDP Granger causes coal 
consumption in the Western region. Jinke and Li (2011) investigate the relationship between 
economic growth and coal consumption for India and China. They have used Granger causality 
test based on error correction mechanism. They find that coal consumption Granger causes 
economic growth in India but unidirectional causality running from economic growth to coal 
consumption is found in case of China. Behname (2011) examines the causal relationship 
between coal consumption and economic growth for long-run in case of Greater Middle East 
zone. Their empirical evidence reveals the neutral effect between coal consumption and 
economic growth.  
 
Kumar and Shahbaz (2012) reinvestigate the causal relationship between economic growth and 
coal consumption in case of Pakistan. They have used endogenous two-break unit root test in 
order to test unit root problem and the ARDL bounds testing approach to examine long term 
relationship between the variables. They have also applied dynamic and fully modified ordinary 
least square in order to compare the robustness of the estimates and the VECM Granger causality 
is used to test the direction of causality over the period of 1971–2009. Their empirical evidence 
has confirmed the presence of long run relationship among the variables. They have also noted 
that coal consumption, capital and labor are contributing factors to economic growth. The 
feedback effect is found between coal consumption and economic growth and same inference is 
validated by Shahbaz and Dube, (2012). Shahbaz et al. (2012) probed the relationship between 
energy (renewable and non-renewable) consumption and economic growth by applying the 
bounds testing approach to cointegration. The direction of causal relationship between the 
variable is investigated by applying the VECM Granger causality framework. They found that 
renewable and non-renewable energy consumption boost economic growth while the feedback 
effect is found between renewable energy consumption and economic growth and same is true 
for non-renewable energy consumption and economic growth.  
 
Wolde-Rufael, (2010) reassesses the link between coal consumption and real gross domestic 
product by incorporating capital and labor as additional determinants of economic growth and 
coal consumption over the period of 1965–2005. The causality analysis reveals that coal 
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consumption Granger causes economic growth in India and Japan but coal consumption is 
Granger cause of economic growth in China and South Korea. The author has also reported the 
feedback effect between both variables in case of South Africa and the United States. Jinke et al. 
(2009) explore the causality relationship between both variables in case of developing 
economies. They find that coal consumption has the neutral impact on economic growth. Zahid, 
(2008) investigates the relationship between energy consumption and economic growth in 
Pakistan, India, Sri Lanka, Bangladesh and Nepal and reports the neutral effect between coal 
consumption and economic growth in Pakistan2. Alam and Butt, (2002) investigate the 
relationship between energy consumption and economic growth by applying production in case 
of Pakistan. They note that the variables are cointegrated for long run relationship and causality 
analysis reported that energy consumption and economic growth are interdependent. But, Aqeel 
and Butt (2001) report that economic growth Granger causes total energy consumption.    
 
3. DATA SOURCE AND METHODOLOGICAL FRAMEWORK 
3.1. Data Source 
We have obtained the data of real per capita GDP, unemployment per capita, urban population 
per capita and real service sector value added per capita from world development indicators (CD-
ROM, 2013). Pakistan economic survey of Pakistan (various issues) is combed to collect data for 
fiscal deficit per capita. The study covers the period of 1974–2010. 
 
3.2. Methodological Framework 
We have followed the log-linear specification to investigate the impact of coal consumption, 
unemployment, urbanization, fiscal deficit and services sector growth on economic growth in 
case Pakistan. The empirical equation is modeled as following:  
 
iμtlnStS
αtlnFtF
αtlnUBtUB
αtlnUtU
αtlnCtC
αiαilnY            (1) 
 
                                                             
2 Khan et al. (2008) also reported that coal consumption does not Granger causes economic growth and same is true 
from opposite side. 
7 
 
Where, tlnY  is natural log of real GDP per capita, tlnU is natural log of unemployment per 
capita, tlnUB  is for natural log of urbanization per capita, tlnF  natural log of is real fiscal 
deficit per capita, tlnS is natural log of real service value added per capita and iμ is error term. 
 
3.3. Estimation Technique 
Estimation procedure comprises of four steps: in the initial step we will examine the random 
walk problem existing in a data series by using Ng – Perron, (2001) unit root test. This step will 
also update us about the order of integration of the data series. The equations from (2-3) will 
serve the purpose. These equations are presented as below: 
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As Ng – Perron test uses GLS de – trending method; therefore, it becomes more robust than that 
of the conventional unit root tests for instance: Dickey and Fuller, (1981) ADF test and Phillip 
Perron (1988) test. NG – Perron (2001) test discards the difficulty of distortions in the size of the 
disturbance term which has large and negative MA or AR roots.  
 
We will explore the long term relationship among economic growth, coal consumption, 
unemployment, urbanization, fiscal deficit and service sector value added by applying the ARDL 
bounds testing approach developed by Pesaran et al. (2001). This approach is suitable for the 
small data set. We can apply it, if variables are having mixed order of integration. We are in 
favor of cointegration if our calculated F–statistics is greater than upper critical bound (UCB) 
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and vice versa. There is no decision about cointegration between the variables if our calculated 
F–statistic is lying between lower and upper critical bounds. The F-statistic is calculated using 
following version of unrestricted error correction method (UECM):  
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where Δ  is difference operator and tη is error term. Moreover; if long term relationship among 
the variables exists then there should estimate the causal relationship between the variables as 
well (Morely, 2006). We apply the VECM Granger causality approach to examine the direction 
of causality between coal between coal consumption and economic growth in short run and in 
long run. We have developed the following equations (6-11) in order to test direction of causality 
using the VECM Granger causality framework as following: 
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where 1-tECM  is lagged error correction term. Moreover; Engle – Granger (1987) were of the 
view that the estimated results of Vector Auto Regression (VAR) at first difference are not 
efficient and reliable. Banerrjee et al. (1998) suggested to incorporate the lagged term of error 
correction term in the equation of the ARDL in order to improve the consistency of the results. 
The inverse and significant sign of lagged error term will reveal convergence from short term 
fluctuations to long term stable equilibrium. Finally; we will test the hypothesis that whether 
there prevails stable relationship among the variables or not? For this purpose we will use 
Cumulative Sum (CUSUM) and Cumulative Sum of Square (CUSUMSQ) diagrams. These 
diagrams will update us about structural stability.  
 
4. EMPIRICAL ESTIMATION AND INTERPRETATION OF THE RESULTS 
 
We have not applied the ADF and PP unit root tests due to their low prediction power. These unit 
root tests are suitable long span data. The Ng-Perron unit root test is suitable for small data and 
provides consistent and efficient empirical results regarding integrating properties of the variables. 
The results of Ng-Perron unit root test are reported in Table-1. The results reveal that all the 
variables are non-stationary at level. The variables are stationary at first difference with intercept 
and trend i.e. economic growth, unemployment, coal consumption, urbanization, fiscal deficit and 
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services sector value added. The shows that all the series have unique order of integration and lead 
us to apply the ARDL bounds testing to examine long run relationship between the variables. 
 
Table–1: Unit Root Analysis 
Ng-Perron Test Statistics 
Dependent 
Variable 
I (0) Dependent 
Variable 
I (1) 
aMZ  tMZ  MSB  MPT  aMZ  tMZ  MSB  MPT  
tlnEG  -8.4889 -2.0575 0.2424 2.8964 tΔlnEG  -18.1607* -3.0007 0.1652 1.3948 
tlnCC  -2.9383 -1.1804 0.4017 8.2593 tΔlnCC  -33.9147* -4.1124 0.1213 0.7389 
tlnUN  -13.4539 -3.3951 0.1448 1.1430 tΔlnUN  -30.6126* -3.9047 0.1276 0.8237 
tlnURB  -5.4652 -1.6506 0.3020 4.4899 tΔlnURB  -14.9787* -2.7326 0.1824 1.6511 
tlnFD  -11.2800 -3.2572 0.1531 1.1678 tΔlnFD  -40.5019* -4.4251 0.1093 0.8099 
tlnSER  -10.2744 -2.1454 0.2088 2.8452 tΔlnSER  -22.3515* -3.1922 0.1428 1.5997 
Note: * shows significance at 1% level of significance. 
 
Table–2: The ARDL Bounds Testing Analysis  
Estimated Models ) tLSER,tDLF,tLURB,tLUN,tLCCf(tLEG   
Optimal lags (1,0,0,0,1,1) 
F – statistics 4.4752** 
W – statistics 26.8510** 
Significance 
Level 
Critical Bounds For F – Statistics Critical Bounds For W – Statistics 
Lower Critical 
Bound 
Upper Critical  
Bound 
Lower Critical 
Bound 
Upper Critical 
Bound 
5 per cent 2.9819 4.3270 17.8914 25.9618 
10 per cent 2.4864 3.7057 14.9182 22.2340 
DIAGNOSTIC TESTS 
F – Statistics 
 
1.9482* 
Serial Correlation 0.6298 [0.427] 
Functional Form 1.2368 [0.266] 
DW – Statistic                  
 
1.8860 
Normality 1.4121 [0.494] 
Heteroscedasticity 2.0726 [0.150] 
Note: ** and *** demonstrates significance level at 5% and 10% levels respectively. Also the values 
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within [] represents probability. 
 
Before, applying the ARDL bounds testing to examine cointegration between the variables, we 
have to select the appropriate lag length for the computation of F-statistic. The F-statistic varies at 
different lag orders (Shahbaz and Lean, 2012 a, b). Afterwards; we compute F-statistic to examine 
whether cointegration exists or not. The results reported in Table-2 reveal that our computed F-
statistic is more that upper critical bound at 5% level once we treated coal consumption, 
unemployment, urbanization, fiscal deficit and service sector value added as forcing variables. 
This indicates the presence of cointegration among the variables. So we find that there is a long run 
relationship among economic growth, coal consumption, unemployment, urbanization, fiscal 
deficit and service sector value added. The diagnostic tests expose that there is no issues of serial 
correlation and heteroscedasticity, the error term of the model is normally distributed and the 
functional form of the model is correctly specified. 
 
4.1. The VECM Granger Causality Analysis 
After confirming long run relationship among the variables; we have tested the direction of 
causality by applying the VECM Granger causality test. It is recommended by Granger, (1969) that 
if variables are cointegrated then causality should be found at least from one direction and the 
VECM Granger causality is suitable approach to test the direction of causal relationship between 
the variables. Table-3 shows the results of the VECM Granger causality approach. 
 
Table-3: The VECM Granger Causality Analysis  
Direction of Granger Causality  
 
Dependent 
Variable 
Short Run Long Run 
tΔlnEG  tΔlnCC  tΔlnUN  tΔlnURB  tΔlnFD  tΔlnSER  1-tECM  
 F – Statistics 
tΔlnEG  – 8.7440*** 2.7511* 2.0185 1.9268 5.0720** -0.6569*** 
tΔlnCC  2.9403* – 0.1289 3.1336* 2.5017 6.4987*** -1.0919*** 
tΔlnUN  0.5067 0.1904   – 1.4230 1.6609 0.4976 -1.1983*** 
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tΔlnURB  0.6809 1.3365 0.9774 – 3.5927** 5.1587 ** -0.1498 
tΔlnFD  1.8451 0.3072 0.8619 2.5440* – 3.4045** -0.8181*** 
tΔlnSER  5.5791** 2.7588* 1.1573 2.7536* 5.0611** – -0.8552*** 
Note: *, ** and *** demonstrates significance level at 10%; 5% and 1% respectively. 
 
The empirical findings of Table–3 reveal that in long run, we have found that the bidirectional 
causal relationship exists between coal consumption and economic growth. We have further found 
bidirectional causal relationship between service sector value added and economic growth and 
same is true for service sector value added and coal consumption. The feedback effect has also 
found between service sector value added and fiscal deficit and same is true between 
unemployment and services sector. Besides this; the results has disclosed that unemployment 
Granger causes coal consumption and coal consumption Granger causes unemployment. 
Afterwards; the findings also unveil that there exists bidirectional causality between 
unemployment and economic growth and, same is true for unemployment and fiscal deficit. There 
is also bidirectional causality between fiscal deficit and economic growth and same is true between 
fiscal deficit and coal consumption. Moreover; urbanization Granger causes economic growth, coal 
consumption, unemployment, fiscal deficit and services sector but reverse is not found. 
 
Furthermore; in short run, we find the feedback effect between economic growth and coal 
consumption. The findings also show that the relationship between services sector value added and 
economic growth is bidirectional and same is true for coal consumption and services sector value 
added. Urbanization Granger causes coal consumption, whereas, urbanization and fiscal deficit 
have bidirectional causal relationship and, same is true for urbanization and services sector value 
added. The findings reported in the Table–3 have exposed that unidirectional causality is found 
running from unemployment to economic growth. Moreover; the bidirectional causality has found 
between fiscal deficit and services sector value added. Finally; by using Cumulative Sum 
(CUSUM) and Cumulative Sum of Square (CUSUMSQ) diagrams we have not found any 
structural instability over the time in the model. 
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5. CONCLUSION AND POLICY IMPLICATIONS 
The present study reinvestigates the causal relationship between coal consumption and economic 
growth in addition with other determinants of economic growth and coal consumption in case of 
Pakistan. The Ng – Perron unit root test is applied to examine integrating properties of the 
variables. The ARDL bounds testing approach is used to investigate long run relationship among 
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economic growth, coal consumption, unemployment, urbanization, fiscal deficit and service 
sector. The direction of causality between economic growth and coal consumption is investigated 
by applying the VECM Granger causality over the period of 1974-2010. Our results show 
cointegration among economic growth, coal consumption, unemployment, urbanization, fiscal 
deficit and service sector value added. The estimated results reveal that there exists bidirectional 
causal relationship between coal consumption and economic growth and, service sector value 
added and economic growth both in short run and in long run and, same is true for  service sector 
value added and coal consumption, and service sector value added and fiscal deficit. Moreover, 
we have found bidirectional causal relationship between fiscal deficit and urbanization and, 
service sector value added and urbanization only in short run, but in long run, urbanization 
Granger causes fiscal deficit and same is true from urbanization to service sector value added. 
There exists bidirectional causality between unemployment and economic growth in long term, 
but in short term, unemployment Granger causes economic growth.  
 
The empirical findings of this study reveal that there exists bidirectional causality between 
economic growth and coal consumption both in short run and in long run and on the basis this 
finding economic growth and coal consumption are complementary to each other. Therefore; this 
study proposes that government must reveal its attention towards the exploration of alternative 
and economical energy resources such as coal. Government must ensure entrepreneurs to 
increase coal supply in order to promote growth activities in the country and if economic growth 
starts taking place then it will further induce the exploration of an alternative and cheap energy 
resource in order to curtail cost of production. The reduction in cost of production will encourage 
business communities to reinvest their profits in order to speed up the process of capital 
formation to achieve t sustainable growth path in long run.  
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